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LOW VOLTAGE BROADBAND LINE DRIVER 

Technical field of the invention 

The present invention relates to broadband line drivers, such as an ADSL 
(Asymmetric Digital Subscriber Line) line driver or a VDSL (Very High Speed 
Digital Subscriber Line) line driver which can be integrated on chip. 



Background of the invention 

Broadband line drivers as ADSL (Asymmetric Digital Subscriber Line) line 
10 drivers, VDSL (Very High Speed Digital Subscriber Line) line drivers or others, 
generally called xDSL line drivers (where "x" represents the type of technology), 
are known to a person skilled in the art, e.g. from Bill Schweber, "Analog front 
ends bridge the xDSL-to-real -world chasm", EDN April 7, 7 999 p.48-64 (fig.3), 
from E. Nash, "Line-driver design for broadband communications applications", 
15 Electronic Design, December 1, 1997, p. 87 -94, and from M. Steffes, "Optimizing 
performance in an xDSL line driver", Electronic Design, April 19, 1999, Vol.47 
No.8, p.44-58. 

Such broadband line drivers typically comprise a cascade connection of 
an operational amplifier and a transformer with a rather low (e.g. 1:2) 

20 transformation ratio for galvanically isolating the amplifier from the line. The 
transformation ratio has to remain low, otherwise linearity and frequency 
response are limited because a high turns ratio in transformers is more prone to 
distortion and limits the bandwidth. Moreover, in many front ends, a high step up 
for the transmitted signal (= the signal going out on the line) means a high step 

25 down for the received signal, which affects the signal to noise ratio (SNR). 

Line drivers are usually back-terminated, because signals traversing an 
unterminated cable are reflected and these reflections can severely affect the 
primary signal. Conventionally, the termination resistance cannot be 
implemented with sufficient precision if a high transformation ratio is used. 

30 Indeed, to correctly terminate the line, it is necessary to set the output impedance 
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of the amplifier to be equal to the impedance of the line being driven. If the 
transformation ratio is rather high, e.g. 1:5, then the impedance reflected from 
the line is low, equal to the line characteristic impedance for the example given 
divided by 25. The low resistor values needed for the line impedance matching 
5 circuit in that case cannot be realised with sufficient resolution. 

The immediate effect of back-termination is that the signal from the 
amplifier is halved before it is applied to the line. This doubles the power that the 
amplifier must deliver. 

The maximum required line voltage depends on the modulation scheme 
10 used and on the line impedance and is for a low transformation ratio (1:1 or 
1 :2) generally between 15 and 30 V. Therefore, the operational amplifier has to 
generate a high voltage output signal, and thus a high power supply voltage 
(generally between 12 and 15 V) is required for the operational amplifier. 

An active back-terminated broadband line driver is descried in EP- 
15 0 901 221. The active back-termination enables to substantially decrease the 
power consumption of the line driver, and is widely used in industry nowadays. 

However, as explained before, high power supply voltages are still 
needed, and a consequence thereof is that integration of the line driver on chip is 
not possible or at least difficult to realise. The line driver therefore, at present, is 
20 not integrated in any of the chips. 

S^mmeatry ©ff filhie BimveimtfooirD 

It is an object of the present invention to provide a broadband line driver 
and a method of operating the same which allows integration on a chip. 
25 It is another object of the present invention to reduce the supply voltage of 

the amplifier of a broadband line driver. 

It is yet another object of the present invention to improve non-linearities 
and poor frequency response of a transformer used in a broadband line driver. 

These objectives may be severally or individually be accomplished by a 
30 line driver, comprising an operational amplifier and an output transformer, the 
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transformer being in a feedback loop between the output and the input of the 
operational amplifier. The driver can have a low power consumption and a low 
driving voltage compared with conventional designs. The non-linearities and 
poor frequency response of the transformer are compensated for by the feedback 
5 loop, and hence a transformer with a rather high transformation ratio (e.g. 1:5) 
can be used. 

The present invention also provides a method of operating a broadband 
line driver comprising an amplifying device, comprising the steps of: 

- transforming the output voltage of the amplifying device to a higher 

10 value; 

- feeding back a signal from the transformed output voltage to an input of 
the amplifying device. 

Other characteristics and advantages of the invention may be seen from 
the following description of a specific embodiment of a broadband line driver 
15 according to the invention; this description is given for the sake of example only, 
without limiting the scope of the invention. The references quoted below refer to 
the attached drawings. 

Brief description of the drawings 

20 Fig. 1 is a schematic circuit diagram illustrating a broadband line driver 

with a transformer in the feedback loop in accordance with an embodiment of 
the present invention. 

Fig. 2 is a schematic representation of an active back-terminated 
operational amplifier with a transformer in the feedback loop in accordance with 
25 a further embodiment of the present invention. 

In the different figures, the same references refer to the same or 
analogous elements. 

Description of the illustrative embodiments 
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A basic circuit in accordance with an embodiment of the present invention 
is shown in Fig. 1 which represents, schematically, a broadband line driver 
having an input terminal denoted by IN, and an output terminal denoted by 
OUT. The input terminal IN of the basic circuit is intended to be coupled to a 
signal source (not represented). At the output terminal OUT appears a signal 
which is intended to drive a circuit or transmission line connected to the output 
terminal OUT. 

The basic circuit is a classical feedback loop, but the amplifying element is 
the cascade of an operational amplifier A and a transformer T. The gain of this 
cascade equals K. The output signal of the amplifying cascade is divided by a 
factor P (typically between 2 and 10) and subtracted from the input signal 
provided by the signal source. The result of this subtraction is used as input for 
the amplifying cascade. The gain of the closed feedback loop, being the ratio of 
the output signal to the input signal provided by the signal source, equals 
« K 



K + p 



In practice K is much higher than p, such that the gain of the closed 



loop is in good estimation equal to P and insensitive to tolerances on K. The 
transformer T has a turn ratio 1 :n (n>l). As a consequence the required signal 
range at the output of the operational amplifier A can be n times smaller than 
the range of the signal that is present at the output terminal OUT. 

Fig. 2 illustrates a back-terminated line driver in accordance with a second 
embodiment of the present invention. It has a first input terminal INI and a 
second input terminal IN2 as well as a first output terminal OUT! and a second 
output terminal OUT2. The input terminals INI, IN2 are intended to be coupled 
to a first and a second terminal of a signal source. The output terminals OUT1 
and OUT2 are intended to be coupled, via transmission lines (not represented), 
to a load impedance RL More generally, the transmission line can be supposed 
to have a characteristic impedance ZL, the resistive part of which equals RL 

The line driver of the present embodiment comprises an amplifying device 
A. The amplifying device comprises a first and a second device input terminal 
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All, AI2 and a first and a second device output terminal AOl, A02. The first 
device input terminal All is coupled to the first input terminal INI of the line 
driver over a first resistor Rl 1 , and the second device input terminal AI2 is 
coupled to the second input terminal IN2 of the line driver over a second resistor 
5 R12. The device output terminals AO! and A02 are connected to a transforming 
device having a transformation ratio of 1 :n whereby n is greater than or equal to 
1 , e.g. a transformer T. The first device output terminal AO! is coupled to a first 
terminal Tl 1 of a primary winding of the transformer T and the second device 
output terminal A02 is coupled to a second terminal T12 of the primary 
10 windings thereof. A secondary winding of this transformer also has two terminals 
T21, T22, a first terminal T21 being coupled to the output terminal OUT1, and a 
second terminal T22 being coupled to OUT2. The transformer T has a turns ratio 
l:n (n > 1). 

When using a differential output amplifier for delivering maximum power 

15 to a load, via transmission lines coupled to the differential output terminals of the 
amplifier, it is important to match both the impedance of the load and the output 
impedance of the amplifier, to the line characteristic impedance. 

Therefore, the first terminal T21 and the second terminal T22 are coupled 
to the output terminals OUT! and OUT2 respectively via a matching impedance, 

20 e.g. via a third and a fourth resistor R13, R14, combined with an active 
backterrnination circuit consisting of resistors R17 and R18. 

Furthermore, the first and second output terminals T21 and T22 of the 
transformer T are connected to the respective input All and AI2 of the amplifier 
A via a feed back impedance. For instance, a fifth resistor R15 is coupled 

25 between the first terminal T21 of the secondary winding of the transformer T and 
the first device input terminal All. A sixth resistor R16 is coupled between the 
second terminal T22 of the secondary winding of the transformer T and the 
second device input terminal AI2. A seventh resistor Rl 7, forming part of the just 
mentioned active backterrnination, is coupled between the second output 

30 terminal OUT2 and the first device input terminal All. An eighth transistor R18, 
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also forming part of the just mentioned active backtermination, is coupled 
between the first output terminal OUT! and the second device input terminal AI2. 
Hence, in accordance with this embodiment there is a feed back circuit between 
the output of the transformed output voltage of the amplifier A and its inputs. 
5 Preferably, the first resistor Rl 1 and second resistor R12 are equal and 

have a value Rl, the third resistor R13 and fourth resistor R14 are equal and 
have a value (1-ot). RL/2 where a represents the active backtermination factor, a 
factor which is representative for the part of the line impedance that is 
synthesised by use of the operational amplifier. The fifth resistor R15 and sixth 

10 resistor R16 are equal and have a value Rl, and the seventh resistor R17 and 
eighth resistor R18 are equal and have a value Rl/a. 

In most cases Rl will be much higher than RL For an RL that can be 
neglected with respect to Rl, the formula of the output impedance of the line 
driver becomes rather simple: 

15 Zout = RL 

Some guideline to select appropriate values for the resistors R11, R12, 
R13, R14, R15, R16, R17 and R18 can be found in European Patent Application 
EP 0 901 221 wherein the active back termination concept is described. Anyhow, 
the presence of the resistors R13, R14, R15, R16, R17 and R18 makes it possible 
20 to tune the output impedance Zout of the arrangement to the desired value, i.e. 
the value to match the load impedance RL. The formula of the output impedance, 
Zout, on the basis of which the different values of the resistors may be selected 
for the case where the respective pairs of resistors R13 and R14, R15 and R16, 
Rl 7 and Rl 8 have substantially identical values, is given by: 
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Zout = 



2.(R13.R17) 
~ R13 + R17-R15 
RLR1 



2.(1 -a)^ 



2 a 



/. \RL Rl 
2 a 



Rl 

2.(l-a)RLR1 



(l-ot)a.RL + 2.Rl-2.a.Rl 
2.(l-oQtRLRl = 2.(l-a>RLR1 _ 
** 2.Rl-2.a.Rl ~ 2.(l-a>Rl 

This means indeed that the output impedance of the line driver is matched 
to the characteristic impedance of the transmission lines if the resistances are 
chosen as mentioned herein above. 
5 In order to obtain between the first and second output terminals OUT!, 

OUT2 a voltage of the required voltage level for driving the circuit connected to 
the transmission lines (e.g. 15 V), it can be seen that the amplifying device A can 
produce an output signal with a lower voltage level, if n is chosen- larger than 
one. For example for obtaining an output voltage level of 15 V with a 

10 transformer with transformation ratio 1:5, the output voltage produced by the 
amplifying device does not need to exceed 3 V. Thus thanks to a high 
transformation ratio, a high line driver output voltage can be generated with a 
low power supply voltage for the operational amplifier. Therefore, the 
operational amplifier can be integrated on a chip using conventional techniques. 

15 The resistor values for active back termination become realisable with sufficient 
resolution. The active back termination resistive circuit is now located at the side 
of the transformer with most windings. 

While the invention has been shown and described with reference to a 
preferred embodiment, it will be understood by those skilled in the art that 

20 various changes or modifications in form and detail may be made without 
departing from the scope and spirit of this invention. 



, HIS PAGE BLANK (uspto) 



24-07-2000 



004021 23.4(24-07-2000) 



CLMS 



-8- 



CLAIMS 



10 



15 



20 



25 



1 . A broadband line driver comprising an amplifying device (A) with an 
input and an output, and a transforming device (T) coupled in series with the 
output of the amplifying device (A), 

CHARACTERISED IN THAT the transforming device is located in a 
feedback loop that couples the output of the amplifying device (A) to the input of 
the amplifying device (A). 

2. The broadband line driver according to claim 1 , 

CHARACTERISED IN THAT the transforming device (T) has a 
transformation ratio which is higher than 1:2. 

3. The broadband line driver according to claim 1 or 2, 

wherein a feedback circuit is connected between an output of the 
transforming device and the input of the amplifying device. 

4. The broadband driver according to claim 3, 
wherein the feedback circuit comprises resistors. 

5. The broadband line driver according to any of the preceding claims, 
comprising: 

- a first input terminal (INI) and a second input terminal (IN2) as well as a 
first output terminal (OUT!) and a second output terminal (OUT2); 

- the amplifying device (A) having a first and a second device input 
terminal (All , AI2) and a first and a second device output terminal (AO! , A02), 

- the transforming device comprising a transformer (T) with transformation 
ratio l:n (n>1) and comprising a primary winding with a first terminal (Tl 1) and 
a second terminal (T12) and a secondary winding with a first terminal (T21) and 
a second terminal (T22), the first device output terminal (AOl) being coupled to 
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a first terminal (Til) of the primary winding of the transformer (T), and the 
second device output terminal (A02) being coupled to the second terminal (T12) 
of the primary winding, the first terminal (T21) of the secondary winding being 
coupled to the first output terminal (OUT1), and the second terminal (T22) being 
coupled to the second output terminal (OUT2), 

- a first resistor (Rl 7) being connected between the second output terminal 
(OUT2) and the first device input terminal (AN), and a second resistor(R18) being 
coupled between the first output terminal (OUT!) and the second device input 
terminal (AI2). 

6. The broadband driver according to claim 5, 
wherein: 

- the first device input terminal (All) is coupled to the first input terminal 
(INI ) over a third resistor (Rl 1 ), 

. the second device input terminal (AI2) is coupled to the second input 
terminal (IN2) of the line driver over a fourth resistor (Rl 2), 

- a fifth resistor (Rl 3) is connected between the first terminal (T12) of the 
secondary winding of the transformer (T) and the first output terminal (OUT1), 
and a sixth resistor (R14) is connected between the second terminal (T22) of the 
secondary winding of the transformer (T) and the second output terminal (OUT2), 

- a seventh resistor (R15) is connected between the first terminal (T12) of 
the secondary winding of the transformer (T) and the first device input terminal 
(All) and a eighth resistor (R16) is connected between the second terminal (T22) 
of the secondary winding of the transformer (T) and the second device input 
terminal (AI2). 

7. The broadband line driver according to claim 6, 

CHARACTERISED IN THAT the third resistor (Rll) and the fourth resistor 
(Rl 2) have substantially the same resistance value. 
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8. The broadband line driver according to any of claims 6 or 7, 
CHARACTERISED IN THAT the fifth resistor (R13) and the sixth resistor 
(R14) have substantially the same resistance value. 

5 9. The broadband line driver according to any of claims 6 to 8, 

CHARACTERISED IN THAT the seventh resistor (R15) and the eighth 
resistor (R16) have substantially the same resistance value. 

10. The broadband line driver according to any of claims 5 to 9, 

10 CHARACTERISED IN THAT the first resistor (Rl 7) and the second resistor 

(Rl 8) have substantially the same resistance value. 

11. Digital subscriber line analogue front end comprising a broadband 
line driver according to any of the previous claims. 

15 

12. A method of operating a broadband line driver comprising an 
amplifying device, comprising the steps of: 

- transforming the output voltage of the amplifying device to a higher 

value; 

20 - feeding back a signal from the transformed output voltage to an input of 

the amplifying device. 
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ABSTRACT 

LOW VOLTAGE BROADBAND LINE DRIVER 

5 The present invention relates to broadband line drivers, comprising a 

cascade connection of an operational amplifier (A) and a transformer (T), which 
can be integrated on chip. This is obtained by putting the transformer (T) in a 
feedback loop between the output and the input of the operational amplifier (A). 
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